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SUMMARY  OF  TECHNICAL  ACTIVITIES 


There  has  been  a  continued  close  overlap  between  the  MBE  and  TEM  activity  over  the 
period  of  the  report;  the  degree  of  overlap  in  the  two  activities  is  evident  in  the  publication  list.  In 
addition,  the  TEM  has  acted  as  a  center  for  TEM  studies  of  semiconductor  interface  formation  for  a 
number  of  other  MBE  groups  including  those  of  H.  Morkoc  and  J.  Schetzina. 

A  considerable  activity  during  the  first  part  of  the  reporting  period  involved  the  installation 
of  new  equipment  The  MBE  facility  acquired  a  three  growth  chamber  modular  MBE,  and  the 
TEM  group  saw  the  installation  of  a  new  high  resolution  TEM.  The  normal  research  activity 
continued  through  this  period,  and  included  work  on  Monte  Carlo  simulations  of  growth  kinetics 
for  ZnSe  as  well  as  the  beginning  of  an  effort  to  incorporate  Ga  into  ZnSe  as  an  n-type  dopant. 
(Publications  are  listed  in  the  appropriate  section  of  the  report.)  The  doping  activity  included 
attempts  at  photoassisted  doping.  In  our  experiments,  the  effects  of  laser  illumination  were 
overshadowed  by  the  dramatic  improvements  associated  with  optimization  of  the  incident  flux 
ratio.  Our  experiments  tended  to  suggest  that  the  main  role  of  illumination  in  the  case  of  CdTe 
photoassisted  doping  was  that  of  optimizing  the  surface  stoichiometry;  an  observation  which  was 
recently  confirmedby  reports  at  the  1989  International  II- VI  conference. 

The  TEM  group  developed  a  useful  iodine  thinning  technique  in  collaboration  with  an 
apparatus  equipment  manufacturer  (Gatan,  Inc,).  The  use  of  an  iodine  thinning  stage  following  Ar 
milling  has  proved  to  be  vital  for  work  vrith  the  easily  damaged  E-VI  compounds.  The  present 
level  of  development  of  sample  preparation  has  resulted  in  II-VI  TEM  images  having  quality 
comparable  to  those  obtained  from  III-V  samples.  The  second  year  also  saw  completion  of  the 
Monte  Carlo  simulation  effort,  which,  when  combined  with  an  absolute  measure  of  incident  flux 
ratio  during  growth,  was  able  to  focus  on  such  issues  as  sticking  coefficient.  The  results  enabled 
us  to  find  the  growth  conditions  for  obtaining  highly  stoichiometric  ZnSe  epilayers.  Predictions 
also  included  significant  variations  in  epilayer  structure  depending  upon  the  molecular  form  of  the 
Se  flux.  The  predictions  were  confirmed  by  the  recent  experiments  of  MBE  groups  employing  Se 
cracking. 

The  work  on  the  Ga  doping  of  ZnSe  was  essentially  completed  during  the  third  year.  A 
considerable  amount  of  transport  and  photolumihescence  data  was  obtained.  The  effort  was  then 
extended  beyond  uniform  incorporation  to  include  the  delta  doping  of  Ga  in  ZnSe.  The  delta 
doping  technique  had  been  shown  by  the  Bell  Cwe  group  to  result  in  higher  carrier  concentration 
levels  for  a  given  amount  of  Ga .  We  (in  collaboration  with  R.F.  Pierret)  extended  their  work  to 
include  DLTS  measurements.  These  experiments  demonstrated  that  the  delta  doping  technique 
resulted  in  a  ten-fold  reduction  in  deep  level  trap  densities.  The  DLTS  work  is  described  in  an 
attached  reprint 

The  focus  of  the  fourth  year  was  on  the  details  of  formation  of  the  ZnSe/GaAs  interface. 
This  period  also  saw  the  acquisition  of  a  high  resolution  XPS  system  as  a  component  of  the 


modular  MBE.  The  motivation  for  this  addition  was  our  interest  in  the  details  of  the  bonding 
occurring  at  H-Vl/in- V  heterovalent  interfaces.  The  importance  of  this  interface  was  amplified  by 
our  discovery  of  an  ex  situ  annealing  procedure  which  resulted  in  ZnSe/GaAs  MIS  capacitors 
having  integrated  interface  state  densities  as  low  as  values  reported  for  (Al,Ga)As  structures.  Just 
prior  to  the  end  of  this  reporting  period  we  discovered  a  growth  technique  for  the  formation  of 
ZnSe/GaAs  interfaces  having  low  interface  state  densities  in  as-grown  structures.  The  significance 
of  this  result  was  that  we  could  achieve  low  intoface  state  densities  without  the  necessity  of  a  post- 
growth  annealing  procedure.  At  the  same  dme,  the  TEM  studies  provided  the  first  clues  that  the 
formation  of  Ga2Se3  interfacial  layers  were  associated  with  interfaces  exhibiting  optimized 
electrical  properties. 
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